Summary
Genetic drift in an outbred stock of CFLP mice was monitored for 6 years using genetic polymorphism for glucose phosphate isomerase (GPI) and the shape of the mandible as genetic markers. Statistically significant drift was found in both characters. The cause of this drift was not determined, though it could have arisen as a result of genetic sampling during hysterectomy derivation. The use of inbred strains is recommended on theoretical grounds if long-term genetic constancy is needed.
Ideally, colonies of laboratory mice and rats should stay genetically constant for long periods of time, so that background data on strain characteristics may be used as an historical control and in the planning of future experiments. In practice, there have been few long-term studies on successive generations of outbred stocks of laboratory animals, though subline drift in inbred strains has been studied extensively (Bailey, 1959; Grewel, 1962; Festing, 1973) . Genetic change in non-inbred stocks of laboratory animals may arise as a result of mutation, selection, or random drift associated with restricted population size (Falconer, 1960) . When considering a single genetic locus, mutation is assumed to be of little importance, as the mutation rate at those loci which have been studied in mammals ranges from 10-6 to 10-3 per locus per meiosis (Schlager & Dickie, 1967) .
The rate of genetic change due to genetic drift depends on the effective population size, approaching zero as the effective population size approaches infinity. Most colonies of laboratory mice are assumed to be 'large', though the effective population size may be drastically reduced when the colony is rederived by hysterectomy in order to eliminate disease. The rate of genetic change due to selection depends on the selective advantage of particular phenotypes within a given environment, and the gene frequency, though in practice very little is known about the effects of single polymorphic loci on fitness under laboratory conditions. The purpose of this note is to record a genetic change in a widely-used outbred stock of laboratory mice.
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Materials and methods CFLP mice from Anglia Laboratory Animals (then operating at Alconbury, Huntingdon, PElS 6ES, UK) were sampled independently by each author from 1972 to 1977.
The CFLP stock of mice was outbred and derived from the stock maintained by ICI Ltd at Alderley Park via Beecham Research Laboratories at Betchworth. The stock was established by Anglia Laboratory Animals (then Carworth Europe) in 1967, by hysterectomy and fostering onto CF -1 germ-free mice obtained from the USA. Strict precautions were taken to ensure that there was no genetic contamination at that time. It is not known how many litters were used to found the colony, nor is the exact history of the stock known in detail from the time it left ICI to the time that it was established at Anglia.
Over 5000 mice were purchased by one of the authors (MFWF) at regular intervals throughout the period 1972-1977. Before use in various studies on reproduction, they were routinely screened for their glucose phosphate isomerase (GPI) phenotype. Horizontal starch-gel electrophoresis was used on blood lysates to detect the electrophoretically different forms of the enzyme produced by the alleles Gpi-]8 and Gpi-]b (Carter & Parr, 1967) .
Much smaller numbers of CFLP mice were sampled as part of a routine genetic monitoring program, using measurements of mandible shape to study the similarities between successive samples (Festing, 1974) . A total of 14 samples each of 10 male mice were collected during the period of study. A similar number of samples from the inbred strain CFNIH were also collected, so that it is possible to make a comparison of the rate of genetic drift of mandible shape in the CFLP outbred stocks and the CFNIH inbred strain. Mandibles were collected, measured, and the 11 measurements were reduced to 4 discriminant functions as described by Festing (1974) . The 'genetic distance' of each sample from the first sample was then calculated as There was only slight (though statistically detectable) genetic drift for the Gpi-l" allele from 1972 to 1975, but the frequency changed drastically from 0·96 to 0·68 between 1975 and 1976, with a further drop to 0·59 in 1977 (Fig. 1) . Similarly, there was a highly significant (P < 0·01) change in mandible shape from 1972 to 1977, though the data did not exactly parallel the biochemical marker data in that drift in mandible shape appeared to be continuous during the whole period of the study, with no particularly marked change from 1976 to 1977 (Fig. 2) . However, sample sizes were small and data points were therefore subject Papaioannou & Festing to large chance fluctuations. Mandible shape in the inbred CFNIH stock also changed during the period of study (Fig. 2) . The rate of change was only 0·07 units per quarter year compared with 0·12 units in CFLP, though statistically the two regression slopes do not differ significantly (P > 0·05). Thus, from these data the evidence that CFLP was drifting more rapidly than CFNIH is somewhat tenuous.
Discussion
The data presented here show that the CFLP stock 'drifted' with respect to both mandible shape and the frequency of a biochemical genetic marker over the 6 years of this study. Unfortunately there is no way of determining the exact cause of this drift, although drift associated with reduced population size as a result of hysterectomy rederivation seems to be the most probable explanation. Such rederivation occurred at least twice during this period (R. J. Ward, personal communication). Change due to genetic contamination seems improbable as the animal house was organized in such a way as to minimize the chance of such contamination. It also seems higWy improbable that mutation can have played much part in changing the frequency of the Gpi-1 8 allele, as the rate of change was not consistent with known mutation rates. Selection might have played some part, though the Gpi-l locus is not known to have any phenotype which might be associated with fitness. The changes in mandible shape on the other hand can at least partly be attributed to mutation, as this is the only known genetic effect that could have caused drift in the inbred strain CFNIH, assuming that genetic contamination can be ruled out. The extra drift in .the CFLP compared with CFNIH could be attributed to random changes in gene frequency associated with reduced population size, assuming that this extra rate of drift is a true effect. The importance of these results to those research workers who wish to work on genetically constant material over periods of several years is much more difficult to assess. In absolute terms, the change in mandible shape is very small with CFLP still retaining its own individual characteristics, and still remaining distinct from other unrelated outbred stocks of mice. It seems likely, therefore, that the stock will have remained reasonably constant with regard to other characters of interest to the average research worker. Similarly, the change in frequency Gpi-1 8 allele probably has not had any drastic effect on any other characteristics. On the other hand, inbred strains should not drift in their characteristics nearly so rapidly as outbred stocks in the event of a restriction in population size and it would therefore seem reasonable to suggest that if long-term genetic constancy is of importance to a research worker, he should use inbred strains rather than outbred stocks.
